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Study on the influence of fracture roughness on grout slurry
diffusion under hydrodynamic conditions
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Abstract: While the aperture occurrence and characteristics of fractures exert significant effects on grouting
effectiveness in mine engineering, hydrodynamic conditions further complicate the grout diffusion mechanism. To
address this issue, this study investigated the influences of varying joint roughness coefficient (JRC) values on
critical parameters including grout diffusion morphology, pressure distribution, flow velocity, cross-sectional flux,
and sealing efficiency by employing a two-phase flow numerical simulation method in COMSOL Multiphysics and
utilizing the JRC to characterize fracture roughness. The results show that increased JRC can reduce the grout’s
longitudinal diffusion distance along the water’s flowing direction and elevate the grout’s local pressure, but they
exhibit limited impact on transverse diffusion and distal pressure fields. Higher JRC induce the slowing down of
flow velocity, whereas grout attenuation would narrowing the channels of the flowing water in adjacent pathways,

resulting in the increased flow velocity of the hydrodynamic water. Reduced JRC enhance grouting efficiency by
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decreasing outlet discharge and improving water-blocking performance. Specifically, the time required to achieve
maximum sealing efficiency at JRC 18~20 is 1. 18 times and 1. 43 times required at JRC 14~16 and at JRC 8§ ~10
respectively. Similarity experiments were conducted to validate the simulated diffusion patterns and sealing
efficiency. The experimental results demonstrated good consistency with numerical results, verifying the feasibility
of the numerical simulation experiments. The findings can provide references for the theory and practice of grouting
operations in fractures under hydrodynamic conditions.

Key words: grouting under dynamic water conditions; fracture roughness; slurry diffusion; joint roughness coefficient
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Fig. 1 Standard Barton curve
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Fig. 2 Fracture models with different degrees of roughness
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Fig. 3 Schematic diagram of slurry diffusion direction
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Fig. 4 Viscosity-time-varying curve
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Table 1  Numerical model calculation parameters

WL/ HWR L/ KB E / K/ HERET/ IK i/ HBIT I/

. . JRC TH

(kg +m ) (Pa -+ s) (kg *m ) (Pa -+ s) kPa (m/s) mm
8~10 L1
1732.4 2.23 (%18 1 000 0.001 25 0.02 4 14~16 TH 2

18~20 TH 3
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Fig. 6 Diffusion pattern of grout with a joint roughness coefficient (JRC) ranging from 18 to 20
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Fig. 7 Influence of different degrees of fracture roughness on the diffusion pattern of grout
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Fig. 9 Influence of different degrees of fracture roughness on the grout pressure
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